INTRODUCTION
The myelin sheath that is surrounded by successive spirals and insulates axons in the central nervous system, contains a unique set of structural proteins, probably involved in the extension and the compaction of its elaborate multilamellar architecture. The water-soluble basic protein (Mr = 18,500) is located within the cytoplasmic interlamellar aqueous spaces, while the exceptionally hydrophobic Folch-Pi proteolipid protein (Mr = 30,000) penetrates the bilayer with polar regions protruding into both the cytoplasmic and extracellular aqueous spaces (1) .
Our previous work (2) (3) (4) has established that the myelin aqueous spaces reveal a number of physicochemical properties similar to those of reverse micelles. These self-organized, thermodynamically-stable assemblies of sodium bis (2-ethylhexyl) sulfosuccinate (AOT), water and isooctane, have been used for the insertion and study of myelin proteins in a membrane-mimetic environment. Recently, we have shown that, for optimal micellar solubilization, the water-insoluble proteolipid requires (a) an unusually high AOT concentration (200 mM) suggesting the involvement of more than one micelle per protein Please (5) . More importantly, under such experimental conditions, the protein retains a stable conformation and a specific degree of periodicity in structure (55% a-helix) compatible with recent models of the transmembrane protein (6, 7) .
Earlier, Wolman and Wiener (8) described the formation of water-in-oil (hexagonal) emulsions of myelin membranes, depending on the chemical nature of ions present. These experiments point to the possibility of reverse micellar structures in biological membranes. Owing to the possible role of the proteolipid in the organization of myelin (or in its destruction in demyelinating processes), the primary focus of this work is to investigate the configuration of such a peculiar proteinmicelle system. Because experimental data about the size, shape, and other parameters of reverse micelles are scarce at high surfactant concentration, we report the first attempt to evaluate the size of proteolipid-containing (relative to proteolipid-free) reverse micelles. Recent observations (9) The results are presented in Fig. 2 (9) , FRAPP experiments allow the measurement of protein-free micellar RH after the solubilization of a fluorescent dipeptide (see Materials and Methods). In Fig. 3 , we present the variation of the measured selfdiffusion coefficient with 4) determined by this technique. This can also be described by a relation of the form: (Fig. 1) . Results of QELS experiments are shown in Fig. 4 5) . At both concentrations, we find a diffusion coefficient of comparable value, corresponding to an apparent average hydrodynamic radius -10 nm, indicating that the measurements are unaffected by the protein concentration. We have therefore performed FRAPP experiments at decreasing AOT concentrations and a single protein/ surfactant ratio, in order to obtain a RH value at zero AOT concentration. Fig. 6 illustrates the results of these experiments: RH extrapolates to 4.6 nm.
The picture emerging from the structural study appears to be that upon increasing the protein concentration, large protein-micelle aggregates are formed in equilibrium with the initial size reverse micelles. Such aggregates are only observed by light scattering experiments. They do not originate from the oxidation of the protein SH groups (22) because all the sulfhydryls of the proteolipid remain titratable in reverse micelles (5) . In contrast, FRAPP experiments do not reveal structures of equiva- for protein-free (0) and protein-containing solutions 5 gM: (M) and 15.8 gM: (e). It may be noticed that the curves do not pass through the origin. This is due to the fact that the second weaker incident laser beam may continue to bleach. In this case, one may write rT' = D,q2 + r0 where -r;' is given for q -0. It is possible to reduce -r0lto zero by diminishing the intensity of the incident beam, but the signal would become too weak. An alternative would consist in making the protein more fluorescent, but this proved to be difficult.
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Volume 55 May 1989 interpret such data for structures of different shapes (15, 16) e.g., spheres, rods, and random coils. Typical anisotropy results are presented in Fig. 8 (5) that, upon delipidation, the protein undergoes an alteration which prevents its incorporation into reverse micelles, even after readdition of the missing lipid. In the present study we had thus to face a brand new situation. The incorporation of water-soluble proteins in reverse micelles and the subsequent perturbations introduced in the system are now fairly well documented (9, 25) . Although the water-shell model (26) obviously requires further modifications, it still remains useful to describe the properties of the encapsulated proteins (4). In contrast to individual macromolecules solubilized within aqueous droplets described so far, we are dealing with a water-insoluble protein-lipid complex which exhibits distinct hydrophobic and charged regions. The interactions at the peptide level can therefore occur with two types of environments, the micellar encased water and with the hydrocarbon phase. Moreover, the high surfactant concentrations required for the incorporation of the proteolipid, increase attractive interactions as a function of protein concentration and lead to aggregated structures.
Because of the diversity of proteins, many patterns of interaction with reverse micelles can be expected. This work thus represents the first attempt to elucidate the nature and the mechanism of a more intricate micellar organization than so far reported for other proteins (27) . Our results suggest that the mode of organization of the myelin proteolipid in reverse micelles is compatible with the dual microenvironment experienced by the transmembrane protein in myelin, where it interacts both with the lipid bilayer and the interlamellar aqueous spaces (Fig.  9) . They are also consistent with recent observations suggesting complex and extensive protein-protein associations among myelin components (28) .
